Background: Candida albicans is a dimorphic fungus that is part of the commensal microbial flora of the oral cavity. When the host immune defenses are impaired or when the normal microbial flora is disturbed, C. albicans triggers recurrent infections of the oral mucosa and tongue. Recently, we produced NOD/SCID.e2f1
Background
Candida spp. are human commensals commonly colonizing human mucosal surfaces and can participate in biofilm formation on mucosal and cutaneous surfaces as well as on device surfaces, e.g., dentures, venous catheters, and urinary catheters [1] [2] [3] [4] [5] [6] [7] . However, under certain conditions, the fungus causes a variety of infections from mild mucosal infections to lifethreatening invasive candidiasis [8] . Many manifestations of candidiasis are associated with the formation of biofilms on host tissues (e.g., oral thrush) and on indwelling medical devices (central venous catheterassociated candidemia) [9] . A clinically significant characteristic of microbial biofilms is their enhanced resistance to antimicrobial drug therapies [10] [11] [12] .
Candida albicans is commensal on human mucosal surfaces and is one of the most important nosocomial infections of humans. C. albicans is the most common cause of various forms of candidiasis [13] . Under conditions of immune dysfunction, colonizing C. albicans can become an opportunistic pathogen causing recurrent mucosal infections of the oral cavity and vagina in immunecompromised hosts such as the elderly and HIV-positive patients [14, 15] . C. albicans is a pleiomorphic fungus having the ability to transition between cellular yeast and filamentous forms essential for virulence; therefore filamentous forms constitute a central component in C. albicans pathogenesis. Various models have been established to study candidiasis, including Candida-epithelial cell interactions using immortalized human epithelial cell lines in tissue culture [16] [17] [18] where C. albicans adheres to the epithelial cells of the oral mucosa and also invades these cells. Invasion into the epithelial cell limit of the oral mucosa is characteristic of both human and experimental animal models of oropharygeal candidiasis [19] [20] [21] [22] .
A recent investigation developed NOD/SCID background E2F-1 deficient mice (NOD/SCID.e2f1 −/− ) (T and B cells do not develop where the E2F-1 function loss in the NOD/SCID background mice do not have an autoreactive response) [23] . The NOD/SCID.e2f1 −/− mice have decreased saliva volume, lack sIgA and IgG in the saliva, as compared with NOD.e2f1 +/+ mice. This mouse have decreased NK cells as compared with SCID mice and may be a useful animal model for studying oral infection, colonization, and biofilm formation. Further, human tissue grafts can be used in this mouse. These mice have long survival because they do not develop systemic diseases such as Insulin Dependent Diabetes Mellitus and Sjögren's Syndrome in comparison to the parent strain NOD.e2f1 −/− mice. Recently, we found these mice are highly susceptible to dental caries pathogen; Streptococcus mutans colonization when NOD/SCID.e2f1 −/− mice are pre-treated with human saliva or sIgA using a low concentration (1%) sucrose supplement; S. mutans biofilm formation occurred when the mice were supplied 1% sucrose water and a non-sucrose diet [24] . Therefore, these mice may be a useful animal model for C. albicans infections in the oral cavity because they have decreased saliva volume and are impaired in immune activity by T, B cells and NK cells.
Mammalian infection models, in particular mouse models, are commonly used to study host-pathogen interaction of human pathogens. Murine models for both superficial and systemic C. albicans infections have been developed and are widely used to study pathogenesis and to determine the virulence of defined C. albicans mutants [25, 26] . Saliva includes various anti-microbial agents and is likely to play important roles in resistance to infection by C. albicans in the oral cavity. Immune-deficient mice such as Rag1 −/− and CB-17.SCID mice have been used as an infection model for C. albicans [27] . However, very little is known about the contribution of saliva in initiation of C. albicans colonization and mucosal infection in the oral cavity using the mouse model. In this study, we investigated the initial colonization of C. albicans in the animal model using NOD/SCID.e2f1
and NOD/SCID.e2f1 −/− mice.
Methods

Strains and culture conditions
The strain used was C. albicans SC5314. C. albicans was incubated for 24 h at 37°C in Yeast Peptone Dextrose (YPD; 2% Bacto peptone, 2% dextrose and 1% yeast extract, Becton Deckinson, Sparks, MD) broth before the beginning of each experiment. The yeast form of C. albicans was predominant in culture with YPD overnight; whereas the mycelial form occurred in RPMI1640 (GibcoInvitrogen, Grand Island, NY) with 5% FBS in overnight culture ( Figure 1A ). The two cell types were used to inoculate the oral cavity.
Animals
Heterozygous ΔE2F-1 NOD/SCID mice were bred to generate homozygous ΔE2F1 NOD/SCID mice. Three strains of NOD/SCID mice (e2f1 +/+, +/− and −/−) were identified using PCR [23] . All mice used were female, 4 months of age, and were maintained in accordance with the guidelines for the Care and Use of Laboratory Animals from the National Institute of Infectious Diseases. Experimental protocols (#211125) were approved by the National Institute of Infectious Diseases Animal Resource Committee.
Bacterial sampling and colony-forming unit (CFU) estimates
Bacterial inoculation, sampling, and CFU estimates were performed using procedures and conditions described previously [28] [29] [30] . C. albicans yeast and hyphal forms were cultured in YPD and RPMI1640 with 5% FBS broth overnight and washed twice with sterile phosphatebuffered saline (PBS). In our previous study we demonstrated S. mutans colony counts were significantly higher than that of other streptococci (i.e. S. sanguis, S. sobrinus, and S. salivarius) in mice that ingested 1% sucrose in water one day before inoculation [28] . In the same way, NOD/SCID.e2f1 +/+ and NOD/SCID.e2f1 −/− mice were also given drinking water containing 1% sucrose (less than the usual concentration in juice) one day prior to C. albicans inoculation to encourage the early adherence of C. albicans in conditions resembling a natural oral environment. In contrast, drinking water (no sucrose) was used as a control. Chlorhexidine (CHX; 0.2%) soaked sterile cotton swabs were used to disinfect the oral cavities of the mice including teeth, tongue, and mucosal surfaces. The cavity was immediately washed with sterile PBS. This disinfection was confirmed as few bacterial cells were observed in mice at 30, 60, and 90 min after the inoculation. C. albicans yeast and hyphal forms solutions were introduced to the oral cavities of three females at 4 months of age at a final concentration of 5 × 10 sterile cotton ball at 30, 60 and 90 min after the inoculation and then dipped in 2 ml of PBS. The samples in sterile PBS were sonicated using ultrasonic dispersion (power output, 60 W) for 10 s, and then poured onto YPD agar to determine C. albicans colony number and on BHI agar for C. albicans and indigenous microorganism colony number ( Figure 1B ). CFUs were determined by counting colonies on the YPD agar after 24 hours and on BHI agar plates after 48 h using aerobic incubation at 37°C.
Statistical analysis
All data were analyzed using the Statistical Package for SPSS for Windows (version 100, Chicago, IL). The Student's t-test was used to compare control data and the data for C. albicans after incubation. * indicate P-values less than 0.05, and ** at 0.01 were considered to be significant.
Results
Effects of decreasing saliva and indigenous oral microorganisms on the C. albicans initial colonization
Saliva is thought to play a significant role in the attachment and colonization of C. albicans on tooth and oral mucosa. We evaluated the effects of different volumes of saliva on C. albicans colonization using NOD/SCID wild type and NOD/SCID.e2f1 −/− mice. The CFU numbers of C. albicans yeast form colonized in the oral cavity after disinfection by chlorhexidine. C. albicans colonization in both mice were significantly decreased from 30 min to 90 min after inoculation in NOD/SCID.e2f1 +/+ mice when they were treated with or without sucrose water ( Figure 1C and D) . The colonization was also decreased; but these reductions were not significantly different in NOD/SCID.e2f1 −/− mice as compared to NOD/SCID. e2f1 +/+ mice. C. albicans CFU numbers were significantly lower in NOD/SCID.e2f1 −/− mice than those in NOD/SCID wild type mice fed water after 60 and 90 min post inoculation ( Figure 1C) . Therefore, decreasing saliva is associated with reduced colonization of C. albicans. However, the significant differences between NOD/SCID wild and NOD/SCID.e2f1 −/− mice disappeared by including sucrose in the drinking water ( Figure 1D ). YPD was used as a selective medium for C. albicans because there was a possibility that some indigenous microorganisms in mice may contaminate the swabbed sample after disinfection by Chlorhexidine. BHI agar plating was also used to confirm contamination levels by indigenous microorganisms. The total number of C. albicans and indigenous microorganisms on the BHI agar were similar to those on the YPD plates in the NOD/SCID.e2f1 +/+ mice with no-sucrose drinking water and the time-dependent decreasing was also similar in colony numbers in YPD to those in BHI ( Figure 1C and Figure 1E ). However, the total number of C. albicans and indigenous microorganisms increased significantly in the sucrose-water as compared with no-sucrose water in NODSCID.e2f1 +/+ mice ( Figure 1E and F). However, there were no significant differences among samples at each sampling time in the drinking of sucrose water. In the case of NOD/SCID.e2f1 −/− mice, a few indigenous bacteria were increased significantly by adding of sucrose in the drinking water, and the colonization did not show significant differences among sampling times ( Figure 1E and F) . In contrast, with sucrose in the drinking water, many indigenous microorganisms were found because CFU numbers on BHI were significantly higher than those on YPD using the same sample ( Figure 1F ). Therefore, sucrose helps time-dependent restoration of indigenous microorganisms after disinfection by chlorhexidine but does not affect increased infection by C. albicans. Further, decreasing saliva may not help the colonization of C. albicans or restoration of indigenous bacteria in NOD/SCID.e2f1 −/− mouse system.
Comparison of colonization between yeast and hyphal forms in mouse oral cavity
In severe infection by C. albicans, the hyphal form has very important roles as compared to the yeast form. Therefore we tested oral colonization of the hyphal form compared to the yeast form at 60 min after inoculation. The colonizations of C. albicans were similar in the hyphal and yeast forms in both mice (Figure 2A and B) . The colonization of total microorganisms was significantly higher with sucrose drinking water than with nosucrose water in the yeast form, but there was no (See figure on previous page.) Figure 1 Observation of C. albicans yeast and hyphal forms, and colony numbers after inoculation. C. albicans yeast and hyphal forms were taken pictures in microscope after incubation of them in YPD and RPMI1640 with 5% FBS (A). The colonization was observed on the YPD agar and BHI agar plates poured swab samples from oral cavity of NOD/SCID.e2f1 −/− mice fed 1% sucrose water at 60 min after the inoculation (B). White and black arrow indicated C. albicans and indigenous microorganism colony respectively. These colonies were taken pictures in the stereoscopic microscope. Data were representative in three independent assays. Samples were swabbed from the oral cavities of four 4-monthold female NOD/SCID.e2f1 +/+ and NOD/SCID.e2f1 −/− mice at 30, 60, and 90 minutes after inoculation using the yeast form. Samples swabbed in mice fed water (C) or 1% sucrose water (D) overnight before inoculation were poured on YPD agar. Samples swabbed in mice fed water (E) or 1% water (F) before inoculation were poured on BHI agar. CFU data were obtained from three independent experiments with four mice from each strain. Values are expressed as the means ± standard deviations (SDs) of the data. Asterisks show significant differences (*P <0.05) in C and D and significant differences (** <0.05) between water (E) and 1% sucrose water (F) for drinking.
difference in the hyphal form in NOD/SCID.e2f1 +/+ mice ( Figure 2C and D) . The decreased saliva volume in NOD/SCID.e2f1 −/− mice and hyphal form in both mice did not induce the effects of sucrose drinking water on the ratio of the yeast form in NOD/SCID.e2f1 +/+ mice. Therefore, the saliva volume and hyphal form of C. albicans may restrict the restoration of indigenous microorganisms.
Discussion
The colonization of C. albicans depends on several factors: the acquisition or entry of cells into the oral cavity, the attachment and growth of these cells, the penetration of tissues, and the removal of cells from the oral cavity. In this study, the NOD/SCID.e2f1 −/− mice with decrease of saliva showed negative colonization of C. albicans as compared with NOD/SCID wild type mice. On the tooth surface coated with a salivary pellicle microbial adherence interactions may involve adsorbed saliva molecules. The saliva pellicle increases the adherence of C. albicans cells to HA beads [31] . Other investigators previously have shown the presence of serum and salivary pellicles can help C. albicans colonization on acylic strips and denture lining materials [32, 33] . Therefore, we speculate the NOD/SCID mice produce saliva containing receptors to bind to C. albicans and create a salivaexposing environmental mucosal surface in the oral cavity.
In contrast, innate defenses include the epithelial barrier and anti-candidal compounds in saliva such as lysozyme [34] , histatins [35] , lactoferrin [36] , and calprotectin [37, 38] . Innate host defenses are critical in the maintenance of oral health. Saliva includes lysozome, lactoferrin, and histatins that are thought to be the three major non-immunological antimicrobial proteins to modulate Candida populations in the oral cavity [39] . However, the decreased saliva negatively modulated C. albicans populations in this study. In our previous study, the saliva from NOD/SCID.e2f1 +/+ and e2f1 −/− mice was characterized in protein concentration/ml, amylase activities, and protein concentration per min/ml [24] . There were no significant differences in protein concentration and amylase activity between the mice. The protein concentration per min in 1 ml saliva was significantly lower in NOD/SCID.e2f1 −/− mice as compared to NOD/SCID.e2f1 +/+ mice. Here we did not measure the activities of lysozyme, lactoferrin, or histatins in saliva from NOD/SCID.e2f1 +/+ mice and NOD/SCID.e2f1 −/− mice, but the activities of the innate immunity and the receptors to C. albicans attachment may not be sufficiently provided in oral cavity from NOD/SCID.e2f1 −/− as compared with NOD/SCID.e2f1 +/+ mice. Mouse salivary proteins are poorly existed in NOD/SCID.e2f1 −/− mice. Taken together, mouse saliva works positively for the initial colonization of C. albicans rather than protecting by innate immunity, an opposite function to S. mutans colonization [24] .
The colonization decreased in a time-dependent manner without the effects of saliva volume difference in NOD/SCID.e2f1 +/+ and NOD/SCID.e2f1 −/− mice. The colonization may be decreased by washing effects with an appropriate volume of saliva. Moreover, cell-mediated immunity plays an important role in the resistance to mucosal candidiasis [40, 41] . The mucosal surface provides a protective barrier against bacterial and fungal infections in the oral cavity. The β-defensins are small cationic amphipathic peptides that exhibit a broad spectrum of activity against gram-positive and gram-negative bacteria and fungal species [42] . NOD/SCID.e2f1
and NOD/SCID.e2f1 −/− mice do not have mature T and B cells but have a protective barrier with cell-mediated immunity. Therefore, cell-mediated immunity may not be associate with the difference of C. albicans colonization between NOD/SCID.e2f1 +/+ and NOD/SCID.e2f1 −/− mice. The positive function for C. albicans in the oral cavity indicates a useful animal model for initial colonization of C. albicans in NOD/SCID wild type mice as compared to NOD/SCID.e2f1 −/− mice. Previous report suggested that the indigenous bacterial flora could suppress the extent of colonization of C. albicans by interfering with its ability to attach to mucosal surface in comparison with germ-free rats and conventional rat [43] . This was explained by competing for epithelial receptor sites required for Candida attachment or by enzymatically altering the surfaces of the yeast cells. Our mouse model system using oral inoculation of C. albicans is different from previous report using germ free and conventional rat and indicates better model to explore effects of salivary components and indigenous microorganisms on the colonization under the natural background condition than previous model system. Sucrose works as a substrate for production of glucan by oral streptococci. The drinking of sucrose water before inoculation provides a source of glucan for the restoration of indigenous microorganisms. CHX was uniformly effective against strains of common borne microorganisms. The treatment with CHX disinfected the indigenous microorganism before inoculation in both no-sucrose and sucrose drinking water [44, 45] . However, the indigenous microorganisms contaminated the sample of C. albicans in the mice fed 1% sucrose water. The colonization of C. albicans was not affected by restoration of indigenous microorganisms. Therefore, the initial colonization of C. albicans is not affected by later colonization of indigenous microorganisms in the oral cavity. It is suggested that the colonized cells of C. albicans are not removed by the enzymatical or physical effect by indigenous microorganisms.
Yeast-form cells adhere more effectively than hypal cells to endothelial cells under conditions of flow [46] . Although cells locked in the filamentous state also display reduced virulence [47] [48] [49] , the ability to form hyphae is important for C. albicans to cause disease after dissemination: cells locked in the yeast form remain avirulent until they are permitted to form hyphae, after which, mice succumb to the infection [50] . C. albicans hyphae are impaired in their ability to adhere to the human oral cavity by the bacterium Streptococcus gordonii [51] . To colonize and infect the oral environment, yeast cells must first adhere to host cells and tissues or prosthetic materials within the oral cavity or co-aggregate with the oral microbiota [52] [53] [54] . In this study, the hyphae form of C. albicans showed similar results as the yeast form but the restoration of the indigenous microorganisms was weaker with the hyphal form than that with the yeast form. This may indicate restriction effects by the hyphal form on the restoration.
We provide here an original new animal model system, which may be a useful model to explore oral initial colonization of C. albicans. The salivary protein flow may play important roles in maintaining the commensal behavior of C. albicans and becoming an opportunistic pathogen under the immune deficiency condition such as SCID. These mice are required for these investigations to determine several factors that contribute to the susceptibility for candidal infections.
Conclusions
In conclusion, the saliva protein flow may be very important for C. albicans initial colonization, where the indigenous microorganisms do not affect C. albicans initial colonization in the oral cavity.
